Within the framework of an international project for the sequencing of the entire Bacillus subtilis genome, a 23-kb chromosomal segment, which covers the region between the iol and hut operons, has been cloned and sequenced, creating a 99-kb contig from the gnt operon to the wapA locus. This region (23351 bp) contains 25 complete open reading frames (ORFs; genes) including deoR, dra, nupC and pdp and two partial ones. The region (5140 bp) containing these four genes, being also sequenced by H. H. Saxild et al., was sequenced by subjecting a long polymerase chain reaction product to random sequencing using phage M13mpl9. However, we could detect no conflict, between two independently determined sequences, which could be attributed to our sequencing method. A homology search for the 24 newly identified gene products revealed significant homology to known proteins in 14 of them. It was notable that three proteins, encoded by the successive genes (yxeMNO), exhibited meaningful homology to the E. coli GlnHPQ products constituting a periplasmic ATP-dependent transport system for glutamine.
Cloning or Amplification and Sequencing of the Region between the iol and hut Operons
B. subtilis strain 1A1 (Marburg 168; trpC2), derived from the Bacillus Genetic Stock Center (Ohio), was the target strain for our genomic sequencing. When a B. subtilis genomic library constructed using A DASH II 2 was screened using a ffirailll 2.65-kb insert of plasmid pIOL02 carrying the idh gene 4 as a probe, we obtained several positive recombinant clones. Construction of the physical maps of their inserts by the method of Kohara Communicated by Naotake Ogasawara * To whom correspondence should be addressed. Tel. +81-849-36-2111, Fax. +81-849- et al. 5 revealed that a 17.5-kb insert of a recombinant clone (H2.65-4E) contained a unsequenced region (approximately 4 kb) toward the hut operon from the yxdM gene (formerly B65G). 2 A Hindlll and Sail double digestion of DNA of the H2.65-4E clone gave a 7-kb iftndlllSall fragment (HS7) (Fig. 1 , the Sail site is located within the multi-cloning sites of the A DASH II) containing this unsequenced region. The HS7 fragment was subjected to random sequencing as described previously, 2 resulting in a 6998-bp sequence that overlapped by 2761 bp with the sequence previously determined 2 (accession No. D14399; Fig. 1) .
A gap region between the iol and hut operons was unable to be cloned into A DASH II by chromosome walking. Thus, we tried to extend the sequence of the HS7 fragment toward the hut operon by an inverse polymerase chain reaction (PCR). 6 When the sequence was extended by 974 bp up to the Clal site (IP1, Fig. 1 ), long PCR 7 became available for amplification of this gap. The gap region was amplified by long PCR using GeneAmp XL PCR Kit and AmpliWax PCR Gem 100 (Perkin-Elmer, Norwalk, CT) according to the manufacturer's protocol with a Perkin-Elmer GeneAmp PCR System 9600 for 32 cycles (15 s at 95°C, 12 min at 65°C). A long PCR product (LP15, Fig. 1 ) was found, approximately 15 kb, the physical mapping of which revealed a unique 5omHI site in this gap. Then, we produced a long PCR product with two flanking 5amHI sites for random sequencing. The ]. The direction of movement of the replication fork and directions to gnt and sacS are also indicated by arrows. The accession number for the nucleotide sequence (23351 bp) reported in this paper is D45912.
PCR product, produced in 12 tubes (approximately 10 fig each) and mixed, was digested with BamHI, and the resulting fragments [LP9 (9 kb) and LP6 (6 kb), Fig. 1 ] were respectively subjected to random sequencing, producing a 15379-bp sequence of the LP15 product. Combination of these three sequences (HS7, IP1 and LP15) resulted in a 23351-bp sequence (Fig. 1) .
We determined most of the 23351-bp sequence by subjecting a long PCR product (15 kb) to random sequencing as described above. Polymerization errors are known to occur at a high frequency in PCR. Threrefore, to examine the reliability of our sequencing strategy involving long PCR, we mixed 12 PCR products which had been independently amplified, as described above, and then the DNA fragments prepared from this mixture were subjected to random sequencing. In these situations, we found approximately 50 mismatches in multiple sequence alignments of inserts of phage M13mpl9 clones derived from the 15-kb PCR product, when we accumulated approximately 5 times more sequence information than the actual sequence to be determined (approximately 75 kb). This mismatch frequency (6.6xlO~4) was likely to be considerably high in comparison with reversion frequency for an opal codon (Vent DNA polymerase), which was reported by the manufacturer (0.5xl0~4). We cannot explain this difference properly. However, these mismatches could be easily recognized because they appeared as minor exceptions in the above alignments. Fortunately, we found that a 5140-bp sequence (indicated as X82174 in Fig. 1 ; H. H. Saxild et al., unpublished results) containing the dra-nupC-pdp operon preceded by the deoR gene was located in the LP6 fragment after finishing sequencing of this region. Thus, we could evaluate our sequencing strategy by comparing our sequence with theirs. Our sequence was found to be identical to their sequence except for five positions. To examine whether or not these conflicts could be attributed to our sequencing strategy involving long PCR, we directly sequenced PCR products of the chromosomal segments containing these conflicts. The sequences obtained indicated that these conflicts were not due to random sequencing of the long PCR product but to other factors such as strain difference. Thus, we conclude that the probability of sequencing error resulting from the long PCR involved in our sequenc- 
Genes found in the iol to hut region and their features
As shown in Fig. 1, a The direction of transcription of 23 out of the 27 genes (including yxdK and hutM) is the same as that of movement of the replication fork (Fig. 1) . This is often observed in regions located relatively close to the chromosome origin, like the iol-hut region.
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Homology Search of the Gene Products Encoded in the iol-hut Region.
We searched for homology of the 24 newly identified ORF products (YxdM to Pdp) with known proteins present in a non-redundant protein sequence database (Institute for Chemical Research, Kyoto University), using the FASTA program to obtain the FASTA optimized scores. 9 (The last homology search was performed in September, 1995.) This search revealed that 14 out of the 24 gene products exhibit significant homology to known proteins, as shown in Glutamine transport system permease protein (Haemophilus influenzae) 15 Nopaline transport system permease protein NocM (Agrobacterium tumefaciens) 18 Glutamine transport system permease protein (Escherichia coli) 16 16 Glutamine transport ATP-binding protein GlnQ (Escherichia coli) 16 TV-acyl-L-amino acid amidohydrolase (Bacillus stearothermophilus) 20 Indole acetate-amino acid hydrolase homolog ILL2 (Arabidopsis thaliana) 21 Indole acetate-amino acid hydrolase homolog ILL1 (Arabidopsis thaliana) 21 Hippurate hydrolase (Campylobacter jejuni) hĉ elE gene product (Agrobacterium tumefaciens) 22 Lipopolysaccharide-inducible protein (Mus musculus: house mouse) Table 2 , the YxeM, YxeN and YxeO proteins showed meaningful homology to the respective three products of the glutamate permease glnHPQ operon of E. coli; glutamine-binding periplasmic protein precursor, glutamine transport system permease and transport ATP-binding proteins, 16 respectively (Table  2) . Haemophilus influenzae seems to possess three successive genes corresponding to the E. coli glnHPQ genes 15 (Table 2) . Interestingly, B. subtilis possesses another E. coli glnP homologue, 17 exhibiting almost the same degree of homology as the YxeN protein. In addition, this organism possesses another set of three successive genes, whose products shows homology to the YxeM, YxeN and YxeO proteins (Table 2) as well as to the GlnHPQ products, respectively (F. Rodriguez et al., unpublished results). The YxeN and YxeO products also showed homology to nopaline transport system permease and ATP-binding proteins encoded in Ti plasmid of Agrobacterium tumefaciens, 18 respectively. Furthermore, the YxeM and YxeO proteins showed significant homology to the flagellar gene fli Y product of E. coli and glutamine transport ATP-binding protein GlnQ of Bacillus stearothermophilus, 19 respectively. These results of homology search of the YxeM, YxeN and YxeO proteins strongly indicated that these three gene products constitute a periplasmic ATP-dependent transport system that mediates an amino acid.
Surfactin-homologous protein (Haemophilus
The product of the yxeP gene, following the yxcMNO genes, showed considerable homology to ./V-acyl-L-amino acid amidohydrolases 20 such as indole acetate-amino acid hydrolases (Arabidopsis thaliana) 21 and hippurate hydrolase (Campylobacter jejuni) as well as to the celE product of Agrobacterium tumefaciens. 22 Therefore, this putative Af-acyl-L-amino acid amidohydrolase gene might be functionally related to the preceding yxeMNO genes encoding the amino acid transport system. Interestingly, the shortness of the yxeL-yxeM and yxeO-yxeP intergenic regions implied that a successive set of the B. subtilis yxeMNO genes is likely part of a larger operon containing at least 5 genes including the yxeP gene; in contrast, the E. coli glnHPQ genes constitute a transcriptional unit. 
